Abstract Cryptosporidiosis is an emerging waterborne protozoan disease and one of the major causes of neonatal diarrhea in humans and animals. But the disease remains under diagnosed due to lack of availability of special stains in majority of laboratories at primary health centers. Therefore, it requires a rapid screening test for routine diagnosis in conventional laboratory set up. In this pursuit, the present study was planned. During this study, fecal samples from 100 representative animals randomly selected from 17 out breaks of bovine calf diarrhea, were stained with modified Ziehl Neelsen staining (mZN) and Leishman's stain to demonstrate cryptosporidial oocysts and for routine fecal examination, respectively. By mZN staining, 25 cases confirmed the presence of cryptosporidial oocysts. However, examination of Leishman's stained fecal smears revealed round hollow unstained bodies resembling cryptosporidia in 20 cases. Therefore, a comparative morphometric analysis was made between the two techniques to determine their relative efficacy in demonstrating cryptosporidia in the feces of affected animals. The analyses showed that the Leishman's stain can be effective in making a presumptive diagnosis of cryptosporidiosis with a little experience. Confirmation of cryptosporidiosis was done by histopathological examination of intestinal sections of calves died during these out breaks. The findings appear to have great clinical value for routine laboratory screening of fecal samples for cryptosporidiosis as conventional Romanowsky stains are readily available and used for multipurpose examination in most of the laboratories at grass root level. Perusal of literature proved this to be the first attempt at easy diagnostics for cryptosporidiosis.
Introduction
Cryptosporidiosis is a widely reported diarrheal disease caused by an apicomplexan intracellular-extracytoplasmic protozoan parasite of Cryptosporidium spp., which is an important zoonotic entero-pathogen of neonatal and young bovine calves (Gay 2005) . The disease is mainly water borne (Karanis et al. 2007) , affects a wide range of species and its oocysts are highly resistant, therefore, it keeps on circulating in the environment. The humans are always at risk of infection through contaminated water and milk (Bhat et al. 2012) . Of lately, disease is becoming increasingly important, thus, laboratory testing of Cryptosporidium has become mandatory in gastrointestinal disease outbreaks in the developed world. However, in India, the disease has attracted subdued attention and most laboratories fail to diagnose it routinely. A number of methods have been developed to detect Cryptosporidium spp. infection in faeces, such as flotation method of oocysts and modified Ziehl Neelsen's staining method (Cole et al. 1999) , immunofluorescence assay and flow cytometry (Cole et al. 1999) , ELISA (Werner et al. 2004) , chromatographic lateral flow immunoassay (Singla et al. 2013 ), PCR and loop-mediated isothermal amplification of DNA (Bakheit et al. 2008 ). The organism is usually identified on the basis of laborious, relatively expensive and time consuming staining, including modified Ziehl Neelsen's and FAT staining of the faecal samples to identify the oocysts of the parasite in people and animals (Casemore et al. 1985) . However, these are not routinely used protocols in the developing world, including India. On the other hand in majority of the grass root laboratories, Romanowsky staining is available for routine haematology and faecal examination. Therefore, if with little effort and experience the cryptosporidium infection could be identified in the faecal samples of human and animal origin, it would be worthwhile to incorporate it as a routine screening procedure. The aim of the present study was to evaluate and validate the routinely used Leishman's staining technique with specific mZN staining in routine diagnosis of cryptosporidial diarrhoea for multiple species application.
Materials and methods
Faecal samples from 100 cases of diarrheic bovine calves were collected directly from the rectum during 17 outbreaks of diarrhoea in the peri-urban belt of Ludhiana, Punjab. Multiple faecal smears were prepared with the help of sterile ear bud. The air dried smears were fixed in methanol for 3 min and stained by modified ZiehlNeelsen (OIE 2008) . The sister smears made from similar cases were air dried and immersed in the working solution of Leishman stain as per the protocol of Jain (1986) . Briefly, the Leishman Stain was prepared by dissolving 150 mg of Leishman powder in 100 ml of pure methanol. Air dried faecal smears were stained with undiluted stain for 1-2 min. Then diluted the stain on the smear with the double amount of buffer and mixed gently. Allowed the diluted stain to react for 5-15 min and washed the excessive stain with distilled water. The smears were air dried and then examined at 409and 1009 objectives. The morphology and staining characteristics of cryptosporidial oocysts as well as morphometric analysis (with software DPZ BSW, Olympus, Japan) of the oocysts was done to compare the efficacy of both the staining methods in identifying cryptosporidial oocysts by employing Student's t test. The representative tissue samples from the intestine of all these dead calves were processed for routine histopathology and special staining by mZN and the organisms were demonstrated in tissue sections.
Results and discussion
Modified ZN staining of multiple faecal smears confirmed the presence of cryptosporidial oocysts in 25 cases of bovine calf diarrhoea. The cryptosporidian oocysts appeared as bright red, oval to spherical (3-5 lm) bodies (Fig. 1) . On the other hand, examination of Leishman's stained faecal smears revealed round to oval, hollow unstained bodies resembling cryptosporidia in 20 cases (Fig. 2) . A comparison of morpho-meteric analysis of cryptosporidial oocysts by two staining techniques revealed no significant differences in their size and morphology. The average size of the Leishman's stained bodies and modified Zeihl Neelsen's stained oocysts of cryptosporidium was found to be 4.26 ± 0.29 lm and 4.24 ± 0.28 lm, respectively. Forty-three animals succumbed due to severe diarrhoea during the process of investigation of these outbreaks. Intestinal sections revealed Cryptosporidium oocysts predominantly in the areas that showed necrotic enteritis (Figs. 3, 4) . The usage of special mZN staining as a diagnostic method for the cryptosporidiosis in people and animals is well known (Bhat et al. 2012; Ruest et al. 1998; Singh et al. 2006 ). However, there seems to be no report of demonstration of cryptosporidial oocysts by conventional Romanowsky staining. Therefore, from the present investigation, it is concluded that Leishman's stain could be effective in making a presumptive diagnosis of cryptosporidiosis with a little experience and effort. It is also suggested that the latter technique might also find a foot hold as a routine screening test for the diagnosis of cryptosporidial infection in various species of animals as well as people. 
